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Abstract 
Studies carried out for a natural gas distribution company are presented, in which the causes that led to a leakage in a 
4  are determined. The damage was detected in a tract under a highway; a major erosive process by solid particles 
from the outside was found during excavation. This erosive process, however, was not the cause of the failure, but a 
consequence of a gas leak from a through crack in the circumferential weld. The crack at the root toe of the weld 
propagated through the heat affected zone (HAZ) of the elbow. It was found that the chemical composition of the elbow 
did not match specification, high carbon equivalent contributed to brittleness in the HAZ. The failure is attributed to 
bending loads due to ground settlements and traffic of heavy vehicles on top of the right of way, during highway 
construction and repair.  
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1. Introduction 
The purpose of this article is the analysis of the causes that led to a leakage in a 4" elbow, which was 
detected by means of a gas detector when staff personnel were performing the annual tour of the right of way. 
The damage was detected in a tract under a highway [Gie Perú, 2010]. There is a history of failures due to 
bending and tensile loads, related with some event during the construction of the crossing, or to loads on the 
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already installed pipe due to construction and operation of the highway. These events often generate soil 
settlements or damage by third parties, such as vertical loads caused by deliberate movements of the soil or 
the passing of heavy vehicles on top of the right of way [Booman et al., 2008; W.M. Buehler, 2005; T. D. 
Williamson, 2008; Fazzini et al., 2009]. 
 
 
 
 
 
 
 
Fig. 1: Elbow at the time of the excavation 
The first observations obtained at the time of the excavation (Figure 1) identified the failure as a small hole 
on an elbow 1 cm away from the welding. The surrounding surface was smooth and polished and without 
sharp edges. It is remarkable that the lining was lifted up and the surface of the elbow was polished. The 
crater in the pipe wall appears to be erosion. There is a history of leakage due to erosion caused by leaks in 
other pipelines that share the subsurface in urban soils [Hasan and Iqbal, 2006]. According to the information 
collected by other service suppliers (water, electricity, cable) there are no other pipelines in the immediate 
area of the elbow (2 meters in all directions) except for a drainpipe at about 6 meters, perpendicular to the 
filed pipe. There is a line of electric transmission of 220 kV that crosses the pipeline near the elbow, 
electromagnetic interference by alternating current might influence in some cases corrosion processes. 
2. Visual and fractographic assessment 
The initial attention of analysts was focused on the eroded area. This area presents slight corrosion, 
probably due to the time of exposure subsequent to its removal, without protection. However, during the 
inspection in the laboratory a crack on the inner side was detected in one of the edges of the sample, almost 
through the wall, and close to the weld bead; that is, in the Heat Affected Zone (HAZ) of the elbow material. 
Magnetic particles show propagation in HAZ (Figure 2). The crack becomes a through-thickness crack at 
about 120 ° in the perimeter from the crater. Opening the through-thickness crack shows its characteristic 
surfaces, indicating fatigue propagation. Note in Figure 3 evidence of curved parallel lines on the surface of 
the soft and flat fracture area, all indicative of an in-service propagation process. 
 
 
The surface of the external damage (crater) was analyzed by the EDS technique. Figure 4 shows that the 
material was removed by deformation, resulting in indentations due to impact of solid particles, which is 
typical of erosion damage. These indentations are dominant, and those impacting particles form edges around 
the crater which can flatten and fracture the surface of the metal due to subsequent impact of particles [Fritz 
and Russ, 2005]. 
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Fig. 2: NDT on the inner surface of the elbow 
 
Fig. 3: Crack opening, signs of fatigue 
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Fig. 4: (X 1000) Electron microscopy of external damage 
3. Chemical and mechanical characterization 
Table 1 lists microhardness values corresponding to areas in Figure 5. The lowest value is observed in the 
pipe base material (180HV), while hardness is largest in the elbow base metal (286HV = 29RC). Note the 
large dissimilitude (100HV) between pipe and elbow. Points /5,7) correspond to pipe´s HAZ, while points (9, 
11) correspond to elbow´s HAZ, where cracking occurred. Note that these do not correspond to higest 
hardness, which occurs in base metal of the elbow.  
 
 
 
 
 
Fig. 5: Microhardness measurements 
Table 1. Microhardness results 
Sample zone Hardness Measured [HV] Sample zone Hardness Measured [HV] 
1 286 8 187 
2 277 9 258 
3 180 10 211 
4 182 11 207 
5 191 12 240 
6 195 13 242 
7 192 14 240 
 
The eroded section can also be appreciated in Figure 5, which covers about 30% of the thickness. 
Misalignment in welding between pipe and elbow can also be seen, which also involves misalignment by 
differences of thickness between pipe and elbow. Depth of eroded crater and misalignments are highlighted in 
the cross section of Figure 6.  
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Fig. 6:  Cross section showing eroded cráter and weld misalignment   
 
Table 2 shows chemical composition of the elbow, carbon equivalent is CE = 0.68, Equation 1. 
   (Equation1) 
Table 2. Analysis and chemical specification 
Chemical analysis (C) If MN P S CR NI MO CU NB TI 
Elbow 0,36 0,20
  
1,47 0,014 <0,010 0,06 0,02 0,17 0,08 <0,01 0,03 
ASTM * 0,20 0,35 0,60 - 1,50 0.03 
max 
0.03 
max 
0.30 
max 
0,40 0.12 
max 
   
 
* The sum of copper, nickel and chrome must not exceed 1 % 
4. Microstructural characterization 
Perpendicular cuts to the crack surface (cross sections) were analyzed using optical microscopy (10 X - 
100 X). The microstructures were 2% Nital etched according to ASTM procedures. Figure 7 shows the crack 
path in HAZ of the elbow. The detail at larger magnification in the insert of Fig. 7 shows that the crack 
propagates in an almost fully pearlitic microstructure. As expected, the crack path follows the stress 
concentration at the toe of the outer weld pass. 
 
 
 
 
 
 
 
Fig. 7: Cross section of through-thickness crack 
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Fig. 8: (X 200) Base material microstructures of pipe and elbow 
 
Microstructural transition between HAZ and base metal of the elbow is also shown in Figure 9.  This cross 
section corresponds to where the HAZ crack is very shallow. The high magnification insert shows crack 
propagation at the stress concentration of the toe of the root weld.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 9:  Cross section of the elbow, note shallow crack in HAZ at the toe of the root weld.  
5. Results and conclusions 
The leak found by the gas detector during the annual inspection was due to a crack in HAZ of the 
circumferential weld. At about 5 cm of a metal loss defect (crater) in the outer surface of the pipe wall, crack 
depth is 90% of thickness. The crack becomes through-thickness 120 ° in the perimeter with respect to the 
crater, see Figure 10. Curiously, the loss of metal on the outer surface, which is the most apparent damage, 
was not the cause of the leak. The depth of this crater is less than half the thickness. So, it is worth analyzing 
the causes for two damages: 1) the crater in the elbow; 2) the through-thickness crack in HAZ of girth weld.  
 
The morphology of the crater allows ruling out any corrosive process as its cause. Erosion by solid 
particles is the mechanism by which the loss of material is produced by the repeated impact of hard particles, 
usually suspended in a gas or liquid, and projected against the solid at a sufficient speed to generate a 
significant damage [Bitter, 1962]. The smooth and shiny surface of this defect is similar to those reported in 
the bibliography from the impact of wet sand on the surface of a steel pipe, continuously and for a certain 
period of time. Wear observed in the surface micrograph (Figure 4) is similar to wear patterns of the so called 
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region II [Desale et al., 2008]. These patterns are typical in ductile materials such as carbon steel with a 
hardness between 120 and 140 HV, when they are attacked by particles of hard quartz (1100 HV), as in the 
case of the soil where this pipe is buried.  
 
 
 
 
 
 
 
Fig. 10: Damage outline 
Field information indicates that there were no water pipes or other liquids in the vicinity which may have 
had a leak that justifies the erosive process that gave rise to the crater in study. It must be concluded, then, that 
the crater was the result of the gas leak that appeared in the elbow when the fatigue crack in the HAZ became 
through-thickness. To justify this process it should be accepted that the gas jet caused by the leak must have 
bounced in some hard element adjacent to the pipeline, so that the diverted gas and sand jet crashed on the 
surface of the elbow (sketch in Figure 11). 
 
 
 
 
 
 
 
 
 
 
Fig. 11: The gas jet caused by the leakage bounces in hard element adjacent to the gas pipeline 
The crack initiated in the inner surface of the elbow wall, within the stress raiser at the root toe of the weld. 
The location of the crack indicates that its spread was due to cyclic bending loads in the vertical plane. The 
available information is not enough to define these loads in more detail, but it is likely that they are due to 
settling or damage by third parties. Vertical loads caused by deliberate movements of the soil or the traffic of 
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heavy vehicles on the right of way could have been related to some event during the construction of the 
highway. These loads are not uncommon during construction and operation of a highway adjacent to an 
already installed pipe 
But the most important cause for crack initiation is the high susceptibility of the elbow material, that is, the 
brittleness of the coarse-grained area of the HAZ (Fig. 7, Fig. 9). Figure 8 shows a noticeable difference in the 
microstructures of tube (left) and elbow (right). The microstructure of the elbow has a perlite density much 
larger than normal for this type of accessories; this is also found in its chemical composition. Comparison 
with ASTM specification [ASTM A707/A 707/M, 2001] allows verifying that carbon content exceeds the 
limit imposed for pipes accessories. Carbon content in the elbow is twice the content for API steel for this 
application. Allowable Mo is also exceeded, and Mn is near the upper limit. This results in a value of carbon 
equivalent of 0.66. This CE is well above 0.40, the well-known weldability limit for ferritic pearlitic steels.  
The high hardness of the elbow material, as shown in Table 1, is not extreme in the HAZ, as it should be 
expected. Probably, thermal treating used in the welding procedure lead to a slow cooling of the HAZ, thereby 
reducing the embrittlement of the coarse-grained HAZ to some extent.  
Under certain circumstances, leaking of compressed gases create local pressure drops that result in cooling 
of the surrounding metal. It has been reported before [Gie S.A., 2009] that this could locally decrease the 
metal temperature below its brittle - ductile transition temperature, thus resulting in an aggravating condition 
for brittle cracking.  Although this could have contributed to further crack propagation, there was no previous 
leak detected, so brittle cracking can solely be related to the wrong composition of the elbow. The short 
operating live before failure and the circumferential orientation of the crack allow to disregard possible 
influences of fatigue or other service  induced cracking mechanisms. 
The case depicted in this article has been a rare event. Traceability of pipes and accessories used in 
pipeline construction makes this an extraordinary event. It can be concluded, however, that no quality 
assurance seems excessive, for potentially costly fabrication and construction mistakes are still possible. 
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